The master slave manipulator is famous as a cooperative system and widely used in dangerous areas such as nuclear power plants, disaster sites and so on. The more complicated the task, the more difficult the remote control operation. Then the operator's load increases as well, the vibrations due to the elasticity of slave arm cause more complication for the operation. For these reasons, we have been studying on an assisting method for the master slave manipulator with flexible slave arm called FMSM (Flexible Master Slave Manipulator) in order to reduce the operator's load. In the conventional method, a force feedback of vibration information of the tip of the slave arm to an operator.
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In this paper, we proposed a new assisting method without the force feedback for positioning tasks with a FMSM in order to reduce the operator's load. There are two features of the proposed assisting method. 1) In the master side, notch filter is used as the input shaping compensator to eliminate the vibration frequency of the slave arm from operating force signal and to reduce the excitation of vibration. 2) In the slave side, the feedback of vibration information of the tip of slave arm is only used at the near of the desired tip position to reduce the residual vibration.
Then, effectiveness of the proposed method is verified from standpoints of maneuverability and operator's feeling through some experiments. The experimental device of the FMSM is shown in Fig.1 . The master and the slave system have one degree of freedom in the horizontal plane. A human operates the slave arm by handling the master arm while watching the slave arm on the display. The operator is instructed to operate the slave arm so as to reach the desired tip position as quickly as possible after the light showing the desired position turns on. In the experiments, 10 beginners operate the FMSM and perform 5 trials for each case.
We evaluate the time responses to verify maneuverability. The time responses of the tip position of the slave arm are shown in Fig.2 . The reference signal of tip position is step shaped signal (600mm). From Fig.2 , in the case of no assist control the vibration of tip position is excited at the beginning of the positioning and the residual vibration is not suppressed. On the other hand, in the case of the proposed assisting method the vibration is quickly suppressed and the positioning time is reduced.
Then, the SD method is applied to verify the operator's feeling of the proposed method. In this method 30 pairs of descriptors are prepared. These pairs are adopted form the impressions which the subjects received in the operation. The operator selects one of seven grades that form a scale ranging from the one descriptor to the opposite descriptor after the 5 trials of the each case are finished. Then, the principal component analysis (PCA) is applied to the results of the SD method in order to discover or to reduce the dimensionality of the data set and identify new meaningful underlying variables. The scores of the first two principal components (PCs) of each operator are plotted on a scatter diagram as shown in Fig.3 . In this paper the factorial contribution of the 1st principal component (PC) exceeds 86.5%. And the 1st PC implies the operator's feeling and the 2nd PC implies the activity of the master arm. It's found from Fig.3 that even beginners can easily perform the positioning task using the FMSM with the proposed assisting method while feeling comfortable.
Thus, we confirmed that the proposed assisting method improves the maneuverability and the operator's feeling through the experiment and the evaluations (SD method and PSA). This paper presents an assisting method for positioning task using flexible master slave manipulator. The proposed assisting method is a unilateral control consisting of input shaping compensator in the master side and direct acceleration feedback of the tip of slave arm in the slave side. Notch filter is used as the input shaping compensator to eliminate vibration frequency from operating force signal. The effectiveness of the proposed method is verified from standpoints of maneuverability and operator's feeling. The former is based on the evaluation of the time responses and the success time, and the latter the subjective evaluation of an operator using semantic differential method and principal component analysis.
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